The world is facing a big challenge of climatic change, mainly due to increasing concentrations of GHGs (greenhouse gases) in the atmosphere. Many researches indicated that the climate change occurred disproportionately on developing countries such as MENA (Middle East and North Africa) countries. The climatic model CGCM3.1 (T47) 2 is used in this research to explain the changes in average temperatures and the rainfall on the MENA region with special emphases on Iraq. Historical records ) and future (2020-2099) were studied and compared; each period was divided to four sub-periods of thirty years. The results showed that the average monthly temperature for the four historical periods fluctuated between the lowest and highest value as follows: 9.2-32.9, 10.3-32.7, 9.3-32.8 and 8.6-33.9 (ºC). The rainfall for historical periods kept on the same distribution during the past 109 years, and fluctuated between the lowest and highest value of 21.3 mm and 37.6 mm with an average that reached up to 26.51 mm. For the future period, the maximum average monthly temperature reached up to 37.41 ( o C) during June and minimum average monthly temperature reached up to 4.24 (ºC) during January. The average monthly temperature fluctuated giving a clear impression that the future portends a higher temperature. The average monthly rainfall, for the future period, fluctuated between the lowest and highest value of 12.91 mm and 20.63 mm with an average that reached 16.84 mm which represent a reduction percentage of about 36.47% relative to the historical record of rainfall for the same months.
Introduction


Climatic change is the biggest challenge facing the world. The change in the climatic system is mainly due to the increase in the concentration of GHGs (greenhouse gases) in the atmosphere. It is believed that the human activities are responsible for the increase of GHGs concentrations since the industrial revolution due to burning of fossil fuels like coal, oil and natural gas as an energy source.
The impact of climatic change may lead the world to face a serious risk of dust storms, droughts, floods and others events which may contribute to food shortages that inevitably will affect the sustainability of the communities, and their development.
Climatic change can cause significant impacts on water resources and the hydrological cycle, where the change of the temperature and precipitation will affect the evapotranspiration process. Both, quality and quantity of the runoff component will suffer some changes which will lead to a significant effect on sectors like agriculture, industry and urban development [1] . The prevailing scientific convictions indicated that the global climate is changing due to human activities that are affecting three main factors: greenhouse gases, aerosols and land surface changes [2] .
IPCC (intergovernmental panel on climatic change), in 2001 [3] defined the climatic change as "refers to a statistically significant variation in either the mean state of the climate or in its variability, persisting for an extended period (decades). Climatic change may be due to natural internal processes or external forcing or to persistent anthropogenic changes in the composition of the atmosphere or in land use". United Nations Framework Convention on Climatic Change in 1992 [4] , defined the climatic change as "a change of climate which is attributed directly or indirectly to human activity that alters the composition of the global atmosphere and which is in addition to natural climatic variability observed over comparable time periods".
IPCC [5] reported that: the increased in mean annual global surface temperature, reached 0.74 o C ± 0.18 o C, most of the warming resulting from human activities that increase greenhouse gas in the atmosphere. According to the SRES (Special Report on Emission Scenarios) for greenhouse gas, the projections of the temperature at the end of the 21st century range from 1.1 o C to 6.4 o C, compared to end-20th century [6, 7] . IPCC [5] observed that there are different impacts on the physical and biological systems due to climatic change. The effect of changes in the global average temperature on global, regional and local levels such as: ecosystem health, food production, species distributions and phonology, human health, sea levels, precipitation and river runoff, drought, average and extreme changes in temperature and wind patterns. The impacts are, however, associated with large uncertainties. Recently, two main methods (adaptation and mitigation) followed concerning climatic changes.
The first is reducing greenhouse gas emissions, and the second is the adjustment in natural or human systems in response to actual or expected climatic stimuli [5] .
Although the international community had identified the problem of climatic change, it did not succeed to limit the reasons that are leading to the continuation of climatic change especially the emission of greenhouse gases [8] . It is expected that the world will continue to face increase of the temperature that can reach up to more than 3 degrees Celsius by the end of this century, where the concentration of carbon dioxide has risen from 299.7 ppm (parts per million) in 1910 to 393.9 ppm in March 2012 [9] .
The present work based on global climatic projections and scenarios inspired by national reports includes a review of the impact of climatic change on MENA (Middle East and North Africa) region, then it focuses on Iraq through the distribution of average monthly temperature and rainfall by historical (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) and future (2020-2100) scenarios according to the climatic change concept using the results of the Canadian model CGCM3.1(T47), Scenario A2.
Study Area
The MENA region consists of 25 countries covering an area of 14 million km 2 and 358 million inhabitants [10, 11] . The MENA land ( Fig. 1 ) extends from the Atlantic Ocean in the west to the Arabian Sea in the east, and from the Mediterranean Sea in the north to the (Africa Horn) and the Indian Ocean in the southeast. Almost all of the MENA countries are located in 
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semi-arid and arid regions that are highly vulnerable to climatic change [12] . The annual rainfall at MENA countries is about 2,282 billion m 3 , while the annual surface water is about 205 billion m 3 and the annual groundwater is about 35 billion m 3 [13] .
The annual rainfall distribution varies where 52% of the MENA countries receive an average of less than 100 mm, while 15% receives between 100 mm to 300 mm and 18% receives more than 300 mm. Some countries like Lebanon, Syria and North African countries and southern Sudan receive annual rainfall about 1,500 mm.
MENA countries depend on agriculture and oil for their economy, therefore they are vulnerable to any climatic variations, as well as any mitigation policy aimed at reducing oil.
Iraq is one of the MENA countries located south west Asian, surrounded by Iran to the east, Turkey to the north, Syria and Jordan to the west, Saudi Arabia and Kuwait to the south, and the Gulf to the south-east.
Iraq • Mountainous region: Mountainous region is located the northern and the north-eastern part of Iraq and covers about 92,000 km 2 ;
• Undulating region: A transition zone between the low-lying Mesopotamian plain in the south and the high mountains in the far north and the north-eastern Iraq and covers 67,000 km 2 .
Iraq lies within the northern temperate zone, but the climatic is continental and subtropical. Winters are usually cool to cold, with an average daily temperature that might reach 16 o C dropping at night to 2 o C.
Summers are dry and hot to extremely hot, with a shade temperature of over 43 o C during July and August, yet dropping at night to 26 o C [11] . The rainfall is tracking the climate of Mediterranean Sea. Fig. 2 shows Precipitation Map of Iraq, most of the rainfall falls during winter, spring and autumn. The rainfall is non-existent in the summer. Average annual rainfall is 154 mm, and it ranges from less than 100 mm over 60 % of the country in the south up to 1,200 mm in the north-east [11, 16] . According to the rainfall classification of FAO documentation that was published in 2003 [17] , Iraq can be divided into four agro-ecological zones as follow: (1) Summers prevail zone located at the northern governorates of Iraq; (2) Steppes zone has winter rainfall of 200-400 mm annually. This zone has extremely hot summer and cold winter, and covers the area located between the Mediterranean zone and the desert zone; (3) The desert zone having extreme summer temperatures and less than 200 mm of rainfall annually, and covers the area located between north of Baghdad to the Saudi Arabian and Jordanian borders; (4) The irrigated area, that extend between the Tigris and Euphrates Rivers, from north of Baghdad to Basra in the south [17, 19] . Three type of wind below on Iraq. The first is the northwest wind which blows during all seasons of the year. In winter, the wind is usually dry cold. While in the summer, it is smooth and leads to reduce the high temperatures. The second type of winds is the eastern or northeastern wind that below in winter and is accompanied by cold biting and clear sky. Third type of wind is the southeast wind that is relatively warm and moist and brings rainy clouds sometimes. 
The Impact of Freshwater Sources
IPCC [5] stated that the global temperature could be increased by 3 o C by the 2050s, if socio-economic development continues to follow existing trends. One of the negative impacts of increased temperature is that it will modify the precipitation patterns leading to extreme events which will affect the availability of water resources particularly in tropical and Mediterranean areas [36, 37] . In most of the MENA countries the water demand had exceeded the available water resources which adversely affect the social and economic development [38] .
Most of the MENA water resources are characterized by low and limited amount. Total annual groundwater resources in the MENA region are about 35 billion m 3 [2, 13] .
The combination of the climatic change impact and rapid trends of population growth, FAO projections indicated that Algeria, Egypt, Morocco, Syria and Tunisia are expected to experience severe water shortages by 2050, and only Iraq is expected to be in a relatively better situation [31] .
It should be mentioned however that Iraq is recently suffering from reduction in the flow rates of the Tigris and Euphrates Rivers due to building of huge dams in Turkey and Syria [11, 16] . However, the water demand is rapidly increasing for all the MENA countries while water supply is decreasing.
Climatic change is projected to increase the salinity levels of ground water as a result of increased temperature. Furthermore, due to climatic change conditions the watersheds may face serious soil erosion and desertification [21] .
Recent studies conclude that there are many negative impacts of climatic change on freshwater systems represented by increases in temperature, evaporation, sea level and precipitation variability [7] .
The current studies projected that, by the end of the 21st century, the flow of rivers located high latitude is to be increased while it will be decreasing in the Middle East, Europe and Central America. However, the magnitude of these changes is highly uncertain [40] .
The Impact of Increasing Drought
Drought is one of the big problems facing the MENA 
The Impact on Human Life
High temperature adversely affect human life mainly due to changes in geographical ranges of disease vectors like mosquitoes, waterborne pathogens, water quality, air quality and food availability and quality. Higher CO 2 concentrations and fiercer and more frequent sand storms in desert areas will increase allergic reactions and pulmonary diseases all over the region [5] .
Elasha [13] summarized the projected climatic change impacts on the MENA region depending on the IPCC assessment and related technical papers, by dividing the MENA region into three parts: MENA, Sub-Saharan Countries (Djibouti, Somalia, and Sudan) and States of the GCC (Gulf Cooperation Council) as follows:
The mean temperatures of MENA region is projected to increase 3 o C to 5 o C while the precipitation is to decrease about 20% [5] , which lead to reduction in water runoff by 20% to 30% in most of MENA region by 2050 [37] , and thus the influence moves to water supply that might be reduced by 10% or greater by 2050. The weather events will include more droughts and floods. Mediterranean sea water level is predicted to rise between 30 cm and 1 m by the end of the century causing flooding of coastal areas along the Nile Delta [5] .
Warmer temperatures and more variable rainfall are predicted by climatic models in Sub-Saharan Countries (Djibouti, Somalia and Sudan) which may lead to more rapid desertification, droughts, food shortages and famines. On the other hand, the human health will be affected by warmer climate, some disease will be more active like malaria, yellow fever, dengue fever and other vector-borne. Freshwater deficit problem will worsen.
Rising both of temperature and sea level will affect the states of the GCC (Gulf Cooperation Council) region as follows: increase the salinity of underground water, more land degradation will occur, biodiversity on land and in the Gulf will be affected, as well as coastlines and marine life severely and could impact desalination plants that are the source of water for the GCC region [13] .
Adaptation and Mitigation for Climatic Change
The IPCC [29] defines adaptation as any "adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities".
Vulnerability is defined by the IPCC [5] , as "degree to which a system is susceptible to, or unable to cope with, adverse effects of climatic change, including climatic variability and extremes".
There is a wide range of adaptation that is available and possible to be followed by the world nations in order to reduce vulnerability to climatic change. 
5.
Background of Climatic model CGCM3.1(T47)2
There are several GCMs (global climatic models) as a research tool, to simulate the climatic change [5] . These GCMs have been developed by different research groups and organizations over the years. The output of all has been made available through the IPCC and its data distribution centre.
SRES (special report on emissions scenarios) is a report by the IPCC (2000), which contains six models dealing with climatic changes. The models contain different scenarios (A1FI, A1B, A1T, A2, B1 and B2). The SRES scenarios were used in the third and fourth assessment IPCC reports, they known as (TAR) and (AR4), where published in 2001 and 2007 respectively. IPCC did not provide any diagnosis about which scenario is better or more accurate for the future emission guess.
The emissions scenario that are used in this work is (A2) which is a case of rapid and successful economic development, in which regional average income per capita converge current distinctions between "poor" and "rich" countries eventually dissolve. The A2 scenarios are of a more divided world than other scenarios and characterized by: 1/A world of independently operating, self-reliant nations, 2/continuously increasing population and 3/regionally oriented economic development.
The dataset was produced by the CRU (CLIMATIC RESEARCH UNIT) of UEA (University of East Anglia), and reformatted by IWMI (International Water Management Institute) [24] .
CRU prepared a dataset of mean monthly surface data (for 1901-2002) over global land areas, for a range of variables: precipitation and wet-day frequency, mean, maximum and minimum temperature and diurnal temperature range, vapor pressure, percent cloud cover and ground-frost frequency.
The time periods for the historical scenarios in the CGCM3.1(T47)2 model are across the following periods: 1900-1930, 1930-1960, 1960-1990 and 1990-2009 
Discussion
The Fig. 12 shows the change of average monthly temperature for the four above periods on Iraq. A simple comparison for the temperature data indicates that the average monthly temperature for the four periods fluctuated between the lowest and highest value as follows: 9.2-32.9, 10.3-32.7, 9.3-32.8 and 8.6-33.9 ( o C) within the four periods, respectively. The first period represents the temperature benchmark for all periods, the comparison for the first and second period indicates that the average monthly temperature for the following six months January, April, July, September, October and December during the second sub-period increased. For these months, the average monthly temperature tend to increase by 0. What distinguishes the comparison of the first and 1900-1930 1930-1960 1960-1990 1990-2009 The average monthly temperature for 1900-2009
Historical Temperature Change (1900-2009)
During April, the rainfall starts to decrease where April represent mid spring season of low rainfall in Iraq. For this month, the lowest and highest value of the average monthly rainfall fluctuate between 6.0 mm and 14.8 mm representing a clear indication of severe rainfall decrease. For the period May till August, the average monthly rainfall fluctuates between 0.4-1.2 mm with average that reached up 0.82 mm. During the last four months of the year (September to December), the rainfall increased, starting from September, which is the end of the dry season (summer), by low average monthly rainfall that was ranging from 5.6 mm to 9.9 mm. The average monthly rainfall begin to increase starting from October to reach its climax in December, and on the whole, the average monthly of rainfall during October to December fluctuate between the lowest and highest value of (11.3-39.5) mm respectively with an average that reached 25.66 mm. Giving a clear impression that the future portends a higher temperature, certainly the reflection of that will be on the overall facilities of environment. For the May till August, the average monthly rainfall fluctuates between 0.05-26.92 mm with average that reached 6.84 mm, representing a significant increase compared with its value for the historical record (0.82 mm).
During the last four months of the year (September-December), the average monthly rainfall (0.13-0.81 mm) significantly decreased relative to the historical period of record (5.6-9.6 mm).
The average monthly rainfall begin to increase starting A comparison between these values shows that the increase of annual temperature was limited during the historical period 1900-2009, but it was relatively more significant during the future period 2020-2099. In general, the above is in agreement with the global worming that most models considered including the used model of CGCM3.1 (T47). Fig. 21 shows that an increase and decrease of average annual rainfall, over both the historical and 
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Conclusions
Most recent studies conclude that wide adaptation is required to reduce vulnerability to climatic change, a large array of mitigation options is projected to be available at least by 2030. Higher temperatures and less rainfall will make the MENA countries more arid. These changes will have a series of effects, particularly on agriculture especially in rain-fed areas, energy, food security and contribute to malnutrition, famine and starvation.
Immediate actions should be taken in order to strengthen the adaptive capacity and reduce the vulnerability of sensitive sectors and systems to climatic change.
A wide of strategic policy measures will be required for adaptation, it is important to focus on modernization of methods for agricultural sector as well as enhance food security, expansions in manufacturing and service industries in rural areas.
The temperature of the world has increased and will continue to increase over the coming decades coupled with a decrease in rainfall as shown by CGCM3.1 (T47) model.
MENA countries must adopt a unified position to confront the challenge of climatic change and work with the international community in order to reduce the impact of climatic change.
